The influence of lead exposure on children's development and later success is well documented. [1] [2] [3] [4] The risk for lead poisoning is greatest in poor, urban, and minority communities and between 18 and 36 months of age. [5] [6] [7] Paint, dust, and soil are the most common sources of lead for US children. 8, 9 Studies of efforts to reduce elevated blood lead levels in children by reducing residential contamination indicate that the benefit of intervening when children are already poisoned is small. [10] [11] [12] Efforts to prevent lead exposure in high-risk children through dust control measures also have been disappointing. 13, 14 However, the rate of case identification varies greatly between geographic areas with similar housing stock and sociodemographic factors but different capacity to intervene when children are poisoned, which suggests that lead poisoning prevention laws may indeed have a preventive effect. 15, 16 In this retrospective cohort study, we assessed the risk that in addresses where children had been lead poisoned (blood lead level ≥25 µg/dL) in the past, at least 1 subsequently resident child would have a blood lead level of 10 µg/dL or greater. The study was conducted in adjacent areas in 2 states in the northeastern United States. Enforcement of lead poisoning prevention statutes differed between the states during the 5-year study period (1993) (1994) (1995) (1996) (1997) (1998) . In one state, where such statutes were strictly enforced, addresses where lead-poisoned children lived were subject to enforcement, including criminal and civil penalties against property owners who failed to abate lead hazards. Inspectors reported dangerous levels of lead to the owner, to all tenants at the address, and to the state lead poisoning prevention program. Tenants living in units other than the one inspected were informed of the process for obtaining an inspection of their units. In the other state, with limited enforcement of lead poisoning prevention statutes, inspection was limited to the unit where the poisoned child lived and seldom resulted in lead hazard abatement. Criminal and civil sanctions were not initiated against property owners, and tenants were not notified of the presence of lead hazards.
Methods

Sample Selection
A listing of all addresses with leadpoisoned children (blood lead level ≥25 µg/ dL) identified between May 1, 1992, and April 30, 1993, was generated from the lead screening registries (N = 183). We enrolled addresses where subsequently resident children were tested for lead poisoning between May 1, 1993, and April 30, 1998 (n = 143).
For children whose blood lead levels during the study period were below 10 µg/dL, 1 sample per child per year was selected. For children with elevated blood lead levels, all tests following the elevated test were excluded, and records were searched to exclude children whose blood lead levels were elevated before the children moved into the index residence (n=5). Under these criteria, a final sample of 138 addresses (33 strict and 105 limited enforcement) was available for analysis.
Housing Data
Addresses where a child with lead poisoning lived in 1992 were evaluated between August 1998 and March 1999 with an instrument developed by the National Center for Lead Safe Housing. Data were collected regarding the condition of the exterior, grounds, and potential point sources of lead (e.g., metal stamping plants) within 1500 feet of the property. Addresses were scored from 0 to 10 based on the number of exterior elements in disrepair or the presence of a point source. The number of units in the address, the year the structure was built, and the tax valuation were extracted from the tax assessors' records.
Census Data
The census tract of each address was identified, and data associated with community level risk for lead poisoning, including the number of children younger than 7 years, the percentage of Black residents, mobility, the number of households receiving public assistance, A B S T R A C T the age of housing, and tenancy, were extracted from the 1990 census STF 3A file.
15,16
Statistical Analyses
Census tract characteristics were compared for addresses where children were tested during the study period. Because the number of addresses in the census tracts varied from 1 to 21, a weight was constructed from the inverse of the variance of the number of addresses to reduce the influence on the group mean of census tracts with only 1 observation.
For the 4 addresses that were vacant lots in 1998, the mean housing condition value, 1 element in disrepair, was imputed. It was assumed that the interior windows were not replaced before demolition. For vacant lots and 8 other addresses, tax values were unknown and the median value of owner-occupied housing for the census tract was used. Models with imputed values did not differ significantly from models in which missing values were permitted to "float."
A bivariate logistic regression model was fitted to determine the odds that an address would house at least 1 subsequent child with blood lead levels of 10 µg/dL or greater in comparisons of strict and limited enforcement addresses. The model was adjusted for differences between enforcement groups. Three variable models that showed a 10% or greater change in the exposure covariate were classified as potential confounders of the relation. Including an interaction term, exterior condition and wooden exterior, did not improve the fit of the final model (log likelihood ratio test, P>.10).
Results
In all, 679 test results from children 6 years or younger were recorded during the study period. In both groups, the median number of children tested was 3 per address.
The
enforcement addresses, respectively (P = .02).
Census Tract Characteristics
For several important census tract characteristics, the mean value of the limited enforcement addresses was significantly different from that of the strict enforcement addresses (Table 1) . However, when the values were adjusted with weights to account for the number of addresses in a given census tract (range = 1-21 addresses per census tract), none of the differences in characteristics approached statistical significance.
Address Characteristics
In both groups, most addresses were 3-unit buildings (84% in strict and 87% in limited) built during the 1920s and early 1930s ( Table 2) . Six addresses (4 strict and 2 limited enforcement, P = .01) were built after 1950. Most addresses were in good condition, with an average of 1.3 structural elements in disrepair in strict enforcement addresses and 0.9 structural elements in disrepair in limited enforcement addresses. The tax valuation differed significantly-strict enforcement addresses were valued approximately $40000 more on average than were limited enforcement addresses. Limited enforcement addresses were more likely to have wooden exteriors (45 vs 8, P=.055) and less likely to have replacement windows (P=.001).
New Cases
Limited enforcement addresses were 4.6 (95% confidence interval [CI]=2.0, 11.0) times more likely to house at least 1 subsequent child with blood lead levels of 10 µg/dL or greater (Table 3 ). In models that controlled for the major covariates, the risk of identifying at least 1 child with blood lead levels of 10 µg/dL or greater was 4.4 times (95% CI = 1.3, 15.3) higher in limited compared with strict enforcement addresses (P=.02). Limited enforcement addresses also were 6.6 (95% CI=0.85, 51.5) times more likely to house at least 1 child with blood lead levels of 25 µg/dL or greater (data not shown).
Discussion
Despite differences in the assessed value, the exterior conditions of the buildings were very similar. The groups differed by the number of addresses with painted, wooden exteriors and the number of addresses where inte- Adjusted for proportion of households in the census tract receiving public assistance, percentage of toddlers living at the address, median census tract income, proportion of Black residents in census tract, and exterior condition of address. c One property where child was tested with a capillary blood sample was excluded.
rior windows had been replaced, both factors related to enforcement. Although these findings suggest that residential lead hazards were more likely in the limited enforcement addresses, the difference in risk of subsequent cases of blood lead elevation was not explained solely by these factors. Nor was it adequately explained by underlying poverty and related sociodemographic differences between the census tracts where the addresses were located.
Public policy is the result of a complex interplay of laws, regulations, and custom. Although policies are implemented across communities, they are designed to influence the lives of individuals. Thus, residents are "exposed" to the public policies in force in their communities. For lead poisoning, these policies include abatement of lead hazards in individual units, property owner liability, notification and referral for services of affected parties, screening, and public education.
The contribution of each factor is not well understood. However, both states in this study had established lead poisoning prevention programs with nearly universal screening and widespread public education. The difference between the rates of subsequent cases of blood lead elevation in addresses with lead-poisoned children in the past was likely the result of differences in enforcement of state housing statutes. In addition, although a direct association cannot be inferred between the overall prevalence of blood lead levels of 10 µg/dL or greater and the risk of recurrence in housing with poisoned children, the prevalence of blood lead elevation in the limited enforcement county was approximately twice that in the strict county. 15, 17 This also may reflect the longterm effect of limited enforcement capacity.
This study had several limitations. First, blood lead testing was not controlled by the investigators. Differences in screening procedures may account for some of the differences in case identification, although the number of children tested in an address did not vary by enforcement status. Second, because the concentration of lead in paint was not measured at the addresses, addresses with limited enforcement may have been painted with more highly leaded paint. However, no evidence showed that paint sold in either area varied by lead concentration or that housing in either area was more or less likely to be painted with lead paint.
Our inability to measure some factors, such as race/ethnicity, known to increase risk for lead poisoning at the individual level, was clearly a limitation. However, our goal in this study was not to quantify the contribution of these factors to risk for lead poisoning but to control for confounding. Measurement theory implies that using aggregate values rather than individual values for these factors provides an attenuated estimate of enforcement status. 18, 19 Finally, it is unlikely that unidentified factors both varied significantly between the adjacent areas and were more influential than the covariates evaluated in this and other studies.
Conclusions
This study, to our knowledge the first to evaluate the effectiveness of housing policies in reducing lead exposure, suggested that strict enforcement of lead poisoning prevention statutes is an effective primary prevention strategy. It also confirmed health practitioners'experience that lead-poisoned children are identified repeatedly in the same housing. Because relocation of lead-poisoned children is frequently the goal of lead poisoning prevention programs that lack the capacity to enforce abatement, our research also suggests the need to develop address-specific surveillance systems to track the blood lead levels of children living in the housing units. Such surveillance systems would allow programs to evaluate their effectiveness and would serve as lead-safe housing registries. Research regarding factors that influence owners' maintenance practices, including owner occupancy, availability of funding, local enforcement capacity, liability, and the effect of lead hazard reduction on property values, also is needed.
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